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1
TITANIUM-SILICON PROTECTIVE FILM
COMPOSITION AND APPARATUS

FIELD

The subject matter of the present disclosure relates to pro-
tective films and more particularly relates to thin titanium-
silicon based overcoat films.

BACKGROUND

Protective layers are often applied to various substances in
order to defend and shield the substances from being dam-
aged, scratched, smashed, dented, shattered, destroyed or
otherwise adversely affected. Car wax, wood finishing prod-
ucts, sealants, zinc layers (galvanization), and protective
polymer films, among others, are examples of protective
materials that can be applied on different objects in order to
prevent the objects from being damaged. A protective layer is
generally selected according to its ability to defend a sub-
stance against a certain threat or a specific set of circum-
stances. For example, certain protective layers are especially
formulated to protect a substance from thermal fluctuations
while other protective layers may be especially designed to
protectagainst continuous and repeated physical contact with
other objects.

In the field of nano-technology, protective layers are espe-
cially important not only because of the dimension and struc-
ture of the nano-sized components but because nano-sized-
devices, such as hard disk drives and integrated circuits, are
configured to repeatedly perform the same action (e.g.
recording/storing information). For example, when dealing
with nano-sized features on an integrated circuit or nano-
sized magnetic domains on a hard disk drive, the thickness,
density, tribological properties, and reactivity of the protec-
tive material greatly affects the functionality of the compo-
nents of the nano-device.

Conventional protective layers, commonly referred to as
carbon overcoats (“COC”), provide increasingly inadequate
protection as the size of the features on nano-devices
decreases. This inadequacy may be due, in part, to the need
for conventional protective layers to be applied thinner across
the magnetic medium because the read/write head must be
located closer to the magnetic material in order to read the
information recorded on and write the information to the
smaller magnetic domains/bits. However, when conventional
protective layers are not sufficiently thick, the protective layer
does not adequately protect the underlying material from
corrosion, and does not prevent the formation and build-up of
undesired byproducts on the surface of the protective layer,
among other negative side effects.

SUMMARY

From the foregoing discussion, it should be apparent that a
need exists for a protective layer composition that can
adequately protect the underlying material without substan-
tially increasing in thickness. The subject matter of the
present application has been developed in response to the
present state of the art, and in particular, in response to the
problems and needs in the art that have not yet been fully
solved by currently available protective layers. Accordingly,
the present disclosure has been developed to provide a pro-
tective layer composition and structure that overcomes many
or all of the above-discussed shortcomings in the art.

The present disclosure relates to a protective layer compo-
sition that includes Ti,Si A, where A is C,,, C, N, O,C,,, or
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0O,C,N; and x, y, |, m, and n are positive integers. In one
implementation, the protective layer composition has a ratio
of' x over (x+y) in the range of between about 0.1 and about
1.0. In another implementation, the protective layer compo-
sition has a ratio of x over (x+y) in the range of between about
0.3 and about 0.9. In yet another implementation, the protec-
tive layer composition has a ratio of x over (x+y) that is about
0.6. The protective layer composition may be amorphous.
Also, the protective layer composition may include an atomic
percentage of Ti that is less than about 20%. In one imple-
mentation of the protective layer composition, X is 2,y is 1,
and A is C;.

The present disclosure also relates to a magnetic recording
medium that includes a substrate, a magnetic layer coating the
substrate, and a protective layer of a specific thickness coating
the magnetic layer. The protective layer has a composition
that includes TixSiyA, where A is C,, C,N,, O,C,, or
0, C,N;and x, y, 1, m, and n are positive integers. The mag-
netic layer in one implementation includes cobalt. In another
embodiment, the specific thickness of the protective layer is
in the range of between about 5 and 50 angstroms. In another
implementation, the specific thickness of the protective layer
is in the range of between about 15 and 30 angstroms. In yet
another implementation, the specific thickness of the protec-
tive layer is about 25 angstroms.

Further included in the present disclosure is a description
of' a magnetic hard disk drive device that has a substrate, a
magnetic layer coating the substrate, a protective layer of a
specific thickness coating the magnetic layer, and a read/write
head capable of flying at a specific distance away from the
surface of the protective layer during operation of the mag-
netic hard disk drive device. The protective layer may include
a composition of TixSiyA, where A is C,,, C,N,, O,C,,, or
0,C, N, and x, y, 1, m, and n are positive integers. The mag-
netic hard disk drive device may include a read/write head
that is in the range of between about 10 and about 200 ang-
stroms away from the protective layer. In another implemen-
tation, the magnetic hard disk drive device may include a
read/write head that is in the range of between about 30 and
about 100 angstroms away from the protective layer. In yet
another implementation, the magnetic hard disk drive device
includes a read/write head that is about 60 angstroms away
from the protective layer.

Reference throughout this specification to features, advan-
tages, or similar language does not imply that all of the
features and advantages that may be realized with the present
disclosure should be or are in any single embodiment of the
invention. Rather, language referring to the features and
advantages is understood to mean that a specific feature,
advantage, or characteristic described in connection with an
embodiment is included in at least one embodiment of the
subject matter disclosed herein. Thus, discussion of the fea-
tures and advantages, and similar language, throughout this
specification may, but do not necessarily, refer to the same
embodiment.

Furthermore, the described features, advantages, and char-
acteristics of the disclosure may be combined in any suitable
manner in one or more embodiments. One skilled in the
relevant art will recognize that the subject matter of the
present application may be practiced without one or more of
the specific features or advantages of a particular embodi-
ment. In other instances, additional features and advantages
may be recognized in certain embodiments that may not be
present in all embodiments of the disclosure.

These features and advantages of the present disclosure
will become more fully apparent from the following descrip-
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tion and appended claims, or may be learned by the practice
of the disclosure as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the disclosure will be readily
understood, a more particular description of the disclosure
briefly described above will be rendered by reference to spe-
cific embodiments that are illustrated in the appended draw-
ings. Understanding that these drawings depict only typical
embodiments of the disclosure and are not therefore to be
considered to be limiting of'its scope, the subject matter of the
present application will be described and explained with
additional specificity and detail through the use of the accom-
panying drawings, in which:

FIG. 1 is a perspective view of one embodiment of a mag-
netic storage device;

FIG. 2 is cross-sectional side view of one embodiment of
the magnetic storage device;

FIG. 3 is a chart showing the mass densities of various
protective layer compositions;

FIG. 4 is a chart showing the surface energy of two protec-
tive layer compositions as a function of protective layer thick-
ness;

FIG. 5A is a chart showing a representation of silicon oxide
growth on two protective layers after a hydrolysis reaction, as
measured by x-ray photoelectron spectroscopy;

FIG. 5B is a chart showing a representation of silicon oxide
growth on two protective layers after a hydrolysis reaction, as
measured by fourier transform infrared spectroscopy; and

FIG. 6 is a chart showing cobalt extraction for two protec-
tive layers as a function of protective layer thickness.

DETAILED DESCRIPTION

The present disclosure relates generally to protective layers
that contain titanium and silicon and that can be used in
myriad applications. A large portion of this disclosure will be
in reference to a protective layer applied over a magnetic
storage medium. The disclosure focuses to a major extent on
protective layers that coat magnetic storage media because
the overall dimensions and stringent operating conditions
involved with magnetic storage devices provides an exem-
plary environment in which to effectively describe and dis-
close the details relating to and the benefits derived from the
novel protective layer structure, morphology, and composi-
tion of the present disclosure.

Once again, even though a large portion of this disclosure
is in reference to a protective layer applied over magnetic
storage media, the scope of the present disclosure is not
limited to overcoat films on magnetic storage devices. For
example, it is contemplated that the protective layer may be
applied over other data storage devices, integrated circuits,
electronic device components, and physical mechanisms. Itis
also contemplated that the protective layer may be used as a
container liner, material finishing composition, buffer mate-
rial, separation membrane, migration barrier, and chemical
reaction inhibitor, among others.

FIG. 1 is a perspective view of one embodiment of a mag-
netic storage device 100. The magnetic storage device 100
includes a magnetic medium 102 and a head 104 for reading
and writing information on the magnetic medium 102. There
are various types of magnetic storage devices 100. For
example, conventional granular magnetic recording disks are
generally wafers that have magnetic layer bits with multiple
magnetic grains on each bit. In granular magnetic media, all
of'the bits are co-planar and the surface of the disk is substan-
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tially smooth and continuous. In one embodiment, each bit
has amagnetic dipole moment that can either have an in-plane
(longitudinal) orientation or an out-of-plane (perpendicular)
orientation.

In order to increase the amount of information that can be
stored on a granular magnetic disk, the bit size may be
decreased while keeping the grain size the same. However,
with smaller bits there are fewer grains on each bit, which
decreases the signal to noise ratio (less signal, more noise). In
order to maintain a better signal to noise ratio, methods have
been developed that decrease both the bit size and the grain
size, thus keeping the same number of grains on each bit.
However, when the grains become too small, thermal fluctua-
tions can cause the grains to spontaneously reverse polarity,
thus resulting in unstable storage and a loss of information.

Bit-patterned media devices are another example of mag-
netic storage devices 100. In bit-patterned media, the bits are
physically etched into a surface using conventional litho-
graphic and etching techniques. In contrast to granular mag-
netic recording media, bit-patterned media are topographi-
cally patterned with intersecting trenches and elevated bit
islands. In some instances, the trenches are etched directly
into a magnetic layer. In other instances, the physical patterns
are etched into a substrate and then a magnetic layer is coated
over the patterned substrate. Because of the physical separa-
tion between the elevated bit islands and the trenches, the
width of each distinct bit island can be decreased in order to
increase the areal bit density of the device while still main-
taining a high signal-to-noise ratio and thermal stability.

Other techniques have been and are currently being devel-
oped to increase the pattern density of bit-patterned media.
For example, directed self-assembly of block copolymers has
been implemented for achieving bit densities of greater than
1 Thit/in®. As further described specifically in U.S. Pat. No.
8,059,350 and U.S. Pat. No. 8,119,017, both of which are
assigned to the same assignee as this application, directed
self-assembly of block copolymers can be used to multiply
the areal bit density and/or to rectify the conventional litho-
graphic bit pattern.

Thus, regardless of the type of magnetic recording
medium, fabricators are continuously striving to store more
information per unit area by reducing the size of magnetic
domains. With the decrease in size of the magnetic domains
and other surface features, the head 104 must have the capa-
bility to interact with these smaller magnetic domains in order
to read/write information. In one embodiment, the head 104
may be able to better interact with the magnetic medium 102
if the head 104 were able to fly closer to the surface of the
medium 102 during operation of the magnetic storage device
100. As will be described in greater detail below, a protective
layer of the present disclosure may be employed to allow the
head 104 to operate closer to the surface of the magnetic
medium 102.

FIG. 2 is cross-sectional side view of one embodiment of
the head 104 over the magnetic medium 102. The magnetic
medium 102, in one embodiment, includes various compo-
nents such as substrate 202, magnetic layer 204, and protec-
tive layer 206. As discussed in greater detail below, the pro-
tective layer 206 may have a specific thickness 208 and the
head 104 may be spaced a distance 210 away from the pro-
tective layer 206.

The substrate 202, in one embodiment, is a type of semi-
conductor, such as silicon. In another embodiment the sub-
strate 202 may include quartz, silicon dioxide, SiO,, glass,
aluminum alloy, nickel alloy, silicon alloy, and the like. If the
medium 102 is a bit-patterned medium, an inert filler material
(not depicted) may be added between the physically formed
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bits of the substrate 202 (in the trenches) in order to create a
substantially smooth surface so that the tops of the bits are
coplanar with the surface of the filler material. In another
embodiment the bit-patterned medium includes a substan-
tially flat/continuous substrate upon which the magnetic
layer(s) 204 are applied before etching so that the pattern of
trenches and/or islands is formed directly into the magnetic
material itself.

In one embodiment, the magnetic layer 204 may actually
include multiple magnetic layers (not depicted). For example
the magnetic layer 204 may include two magnetic layers
spaced apart by a non-magnetic intermediate layer. It is also
contemplated that more than two magnetic layers may com-
prise the magnetic recording medium of the present disclo-
sure and that more than one intermediate layer may space
apart the multiple magnetic layers.

In one embodiment, each magnetic layer 204 includes a
single metallic component and in other embodiments each
magnetic layer 204 includes metallic alloys and/or multiple
metallic components. Typical materials that comprise a mag-
net generally include iron, cobalt, nickel, and alloys thereof.
Ferromagnetic alloys also may include oxides, platinum
group metals (e.g. ruthenium, rhodium, palladium, and plati-
num), transition metals, and the like. The composition of the
magnetic layers, whether consisting of a single component or
a metallic alloy mixture, may be selected according to the
specifics of a given application.

Throughout the present disclosure, the term “magnetic
layer” may refer to a layer made from any ferromagnetic
material that has the characteristics of a permanent magnet
(i.e. a material that, in pertinent part, exhibits a net magnetic
moment in the absence of an external magnetic field). Mag-
netism is the result of moving electric charge. For example,
the spin of an electron in an atom or a molecule creates a
magnetic dipole. A magnetic field is created when the mag-
netic dipoles in a material result in a net magnitude and
direction. Thus, the magnetism of a material is directly related
to the magnitude, direction, inter-alignment, and interaction
of'the magnetic dipoles in the material. For example, when an
external magnetic field is applied over a piece of iron, adja-
cent dipoles generally align in the direction of the magnetic
field and substantially remain aligned in the same direction
even after the external field is removed, thus creating a net
magnetic moment.

As briefly discussed above, an increase in the bit density on
a magnetic recording medium 102 requires a commensurate
increase in the ability of the head 104 to read from and write
to these smaller magnetic bits. Additionally, with the advent
of increased feature density, multiple magnetic layers and
multiple intermediate and other secondary layers, it becomes
even more important, in one embodiment, for the protective
layer 206 to prevent damage to the complex structure and
organization of the underlying layers.

Because of the structure and composition of the novel
protective layer 206, as described in greater detail below with
reference to FIG. 3, the protective layer 206 may be substan-
tially thinner than conventional protective layers and yet may
still perform at least as well as conventional protective layers
in shielding the underlying materials. In one embodiment, the
thickness 208 of the protective layer 206 is in the range of
between about 5 and about 50 angstroms. In another embodi-
ment, the thickness 208 of the protective layer 206 is in the
range of between about 15 and about 30 angstroms. In yet
another embodiment, the thickness 208 of the protective layer
206 is about 25 angstroms. Especially within these thickness
ranges, the protective layer material, according to one
embodiment, is substantially amorphous.
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Because the protective layer 206 may be comparatively
thinner than conventional protective layers, the head 104, in
one embodiment, may be configured to move across the sur-
face of the medium 102 with a smaller distance 210 between
the head 104 and the protective layer 206. In one embodi-
ment, the distance 210 between the head 104 and the protec-
tive layer 206 is in the range of between about 10 and about
200 angstroms. In another embodiment, the distance 210
between the head 104 and the protective layer 206 is in the
range of between about 30 and about 100 angstroms. In yet
another embodiment, the distance 210 between the head 104
and the protective layer 206 is about 60 angstroms. According
to one embodiment, the closer the head 104 is to the magnetic
layer 204 the better the signal to noise ratio of the protected
magnetic bits of information.

The protective layer 206 of the present disclosure performs
various functions and provides various other benefits that will
be described in the following pages. Specifically, the protec-
tive layer 206 of the present disclosure is more dense than
conventional protective layers (see FIG. 3), reduces the sur-
face energy and consequently the general reactivity of the
patterned medium (see FIGS. 4, 5A, and 5B), and decreases
the corrosion of the underlying materials (see FIG. 6), among
others.

FIG. 3 is a chart showing the mass densities of various
protective layer compositions. As described briefly above,
conventional carbon overcoats (“COC”) and silicon carbide
(“SiC”) have been used as protective layers. As seen in FIG.
3, COC and SiC are comparatively less dense than protective
layers that contain titanium. For example, a titanium silicon
carbonitride (“TiSiCN”) compound and a titanium silicon
carbide (“TiSiC”) compound, according to one embodiment,
have mass densities of about 3.5 g/cm> and 4.5 g/cm?, respec-
tively.

Other titanium containing compounds, such as a titanium
silicon nitride (“TiSiN™), a titanium silicon oxycarbide (“Ti-
SiOC”), and a titanium silicon oxycarbonitride (“TiSiIOCN™),
may also be implemented as protective layers that have a
greater comparative density. All of these titanium-silicon
containing protective layers may include various combina-
tions of the named elements. In other words, TiSiC com-
pounds do not exclusively refer to a compound that has a
single titanium, a single silicon, and a single carbon. Instead,
TiSiC compounds refer to compounds that have any of vari-
ous combinations of those elements, such as Ti,SiC;. In addi-
tion to increased density, these titanium containing protective
layers may also be applied onto a material (e.g. metallic layer,
substrate) through sputtering or other known thin-film depo-
sition. For example, in one embodiment the deposition
method may be selected according to the specifics of a given
application or because the method has high throughput and
manufacturing compatibility.

In one embodiment, the protective layer composition is
selected according to the relative atomic amounts of titanium
and silicon. For example, by using a modified atomic percent-
age of titanium (defined herein as “R”) that is based on the
sum of silicon and titanium atoms, instead of the total number
of atoms in the protective layer compound, as follows:

# of Ti atoms
(#of Ti atoms + #of Si atoms)

the relative amounts of titanium and silicon are readily appar-
ent. For example, in one embodiment, the modified atomic
percentage is in the range of between about 0.1 and about 1.0.
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In another embodiment, the modified atomic percentage is in
the range of between about 0.3 and about 0.9. In yet another
embodiment, the modified atomic percentage is about 0.6.

FIG. 4 is a chart showing the measured surface energy of
two protective layer compositions as a function of protective
layer thickness. The surface energy of the protective layer,
which is generally defined as the excess energy at the surface
of'a material when compared to the bulk, influences the over-
all reactivity of the protective layer. In other words, the higher
the surface energy the more chemically active the protective
layer is and the more chemically active the protective layer is
the likelihood increases that detrimental reactions that either
corrode the protective layer or cause unwanted chemical
build-up on the surface. Conversely, the lower the surface
energy, the less chemically active the protective layer.

The two protective layer compounds shown in FIG. 4,
whose surface energies were measured by a droplet contact
angle method, are SiC, with an R value equal to O since there
is no titanium present, and TiSiC, with an R value equal to 0.6
(titanium rich). The top data, marked by the hollow triangle
shapes, represent a conventional SiC protective layer that
does not contain titanium and that has a surface energy that, in
one embodiment, moderately increases as the thickness of the
protective layer increases. The bottom data, marked by the
solid square shapes, represent a TiSiC protective layer that
has a surface energy that, in one embodiment, is substantially
independent of the protective layer thickness (at least beyond
a thickness of about 20 angstroms).

The significant difference between the two sets of data is
not the relative surface energy response dependence on pro-
tective layer thickness but rather the difference in surface
energy magnitude at thicknesses above 15 angstroms. The
TiSiC protective layer has noticeably less surface energy and
therefore may provide a comparatively more stable and
durable level of protection. Although not depicted in a chart,
other titanium silicon containing protective layers, such as
those described above with reference to FIG. 3, also have
comparatively less surface energy than conventional protec-
tive layers.

FIG. 5A is a chart showing a representation of silicon oxide
growth on two protective layers after a hydrolysis reaction, as
measured by x-ray photoelectron spectroscopy. Once again,
the depicted embodiment shows a conventional protective
layer that does not contain titanium (SiC) and a titanium
containing protective layer (TiSiC). In the depicted chart, the
location of the peaks, corresponding with a binding energy,
represent the presence of various chemical bonds present in
the protective layer. According to one embodiment, if silicon
oxide is present in the protective layer, a peak will appear at
around 103 electron-volts (“eV”) and the dimensions of the
peak are proportional to the number of silicon oxide bonds in
the protective layer and thus the amount of silicon oxide
growth.

The dotted lines show a representation of the chemical
bonds that were present before the protective layers were
exposed to humidity (i.e. hydrolysis prone environment) and
the solid lines show a representation of the chemical bonds
that were present after the protective layers were exposed to
humidity Since hydrolysis is the dissolution of water (H,O)
into hydrogen and oxygen, the oxygen generated through
hydrolysis bonds with the silicon in the conventional protec-
tive layer to form silicon oxide components.

As seen in the depicted embodiment, the SiC layer shows a
raised peak in the post-hydrolysis line at about 103 eV, which
indicates an increase in the number of silicon oxide bonds and
therefore an undesirable growth of silicon oxide on the sur-
face of the SiC protective layer. The TiSiC protective layer did
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not show a significant increase in peak dimensions and there-
fore, according to one embodiment, the TiSiC prevented sili-
con oxide growth on the surface of the protective layer.

As briefly described above, the incorporation of titanium
into protective layers appears to hinder and prevent silicon
oxide growth. According to one embodiment, silicon oxide
growth is detrimental to the magnetic medium 102 because
the growing silicon oxide molecules may interfere with the
interaction of the head 104 with the magnetic layer(s) 204.
For example, too much silicon oxide growth may cause the
head to crash into the disk drive, potentially causing perma-
nent damage and a loss of stored information.

FIG. 5B is a chart showing a representation of silicon oxide
growth on two protective layers after a hydrolysis reaction, as
measured by fourier transform infrared spectroscopy. Similar
to FIG. 5A, this figure shows the comparative amounts of
silicon oxide present in SiC and TiSiC, wherein SiC has a
much broader and taller peak at about 1200 cm™*, thus indi-
cating a comparatively larger amount of silicon oxide forma-
tion after hydrolysis.

The increased density and decreased surface energy of the
titanium containing protective layers 206 may be due in part
to the Ti—O—Si linkages which are present in titanium con-
taining protective layers 206. In one embodiment, these link-
ages, represented by a peak in the TiSiC line at about 1080
cm™', may also play a role in reducing oxygen diffusion and
protecting the magnetic layer 204 and other underlying layers
from corrosion.

FIG. 6 is a chart showing cobalt extraction for two protec-
tive layers as a function of protective layer thickness. In one
embodiment where cobalt is used as the magnetic material,
the extraction of cobalt may be the result of corrosive reac-
tions. Corrosion is the gradual destruction of a material by
chemical processes. In order for a magnetic storage device to
be useful, the magnetic material that stores the information
needs to be protected from chemical reactions that would
otherwise corrode and destroy the material. In one embodi-
ment, the protective layer 206 prevents reactants, such as
oxygen and other oxidizing agents, from contacting the mag-
netic material, thus preventing the corruption and oxidation
of the magnetic material.

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the present disclosure. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” and
similar language throughout this specification may, but do not
necessarily, all refer to the same embodiment.

Furthermore, the described features, structures, or charac-
teristics of the disclosure may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided. One
skilled in the relevant art will recognize, however, that the
subject matter of the present application may be practiced
without one or more of the specific details, or with other
methods, components, materials, and so forth. In other
instances, well-known structures, materials, or operations are
not shown or described in detail to avoid obscuring aspects of
the disclosure.

The subject matter of the present disclosure may be
embodied in other specific forms without departing from its
spirit or essential characteristics. The described embodiments
are to be considered in all respects only as illustrative and not
restrictive. The scope of the disclosure is, therefore, indicated
by the appended claims rather than by the foregoing descrip-
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tion. All changes which come within the meaning and range
of equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A protective layer composition, comprising: Ti,Si A,
wherein A is selected from the group consisting of C,,,, C, N,
0,C,,, and O,C, N, wherein X, y, |, m, and n are positive
integers, wherein the protective layer is amorphous, and
whereinx is 2, yis 1, and A is C;.

2. The protective layer composition of claim 1, wherein the
atomic percentage of Ti is less than about 20%.

3. A magnetic recording medium, comprising:

a substrate;

a magnetic layer coating the substrate; and

a protective layer of a specific thickness coating the mag-

netic layer, the protective layer comprising Ti Si A,
wherein A is selected from the group consisting of C,,,,

C,N,,0,C,, and O,C, N, wherein X, y, , m, and n are
positive integers, wherein the protective layer is amor-
phous, and wherein x is 2, y is 1, and A is C;.

4. The magnetic recording medium of claim 3, wherein the
magnetic layer comprises cobalt.

5. The magnetic recording medium of claim 3, wherein the
specific thickness of the protective layer is in the range of
between about 5 and about 50 angstroms.

6. The magnetic recording medium of claim 3, wherein the
specific thickness of the protective layer is in the range of
between about 15 and about 30 angstroms.
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7. The magnetic recording medium of claim 3, wherein the
specific thickness of the protective layer is about 25 ang-
stroms.

8. A magnetic hard disk drive device, comprising:

a substrate;

a magnetic layer coating the substrate;

a protective layer of a specific thickness coating the mag-
netic layer, the protective layer comprising Ti Si A,
wherein A is selected from the group consisting of C,,,,

C,N, O,C,,and O,C, N, wherein x, y, 1, m, and n are
positive integers, wherein the protective layer is amor-
phous, and wherein x is 2, y is 1, and A is C;; and

a read/write head capable of flying at a specific distance
away from the surface of the protective layer during
operation of the magnetic hard disk drive device.

9. The magnetic hard disk drive device of claim 8, wherein
the distance between the read/write head and the surface of
the protective layer is in the range of between about 10 and
about 200 angstroms.

10. The magnetic hard disk drive device of claim 8,
wherein the distance between the read/write head and the
surface of the protective layer is in the range of between about
30 and about 100 angstroms.

11. The magnetic hard disk drive device of claim 8,
wherein the distance between the read/write head and the
surface of the protective layer is about 60 angstroms.

#* #* #* #* #*



